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cerebral perfusion pressure. Decreased cerebral perfusion pressure will reduce the cerebral blood flow (CBF), which can cause metabolic injury and ischemic damage of brain tissues, hence the patient will show different degrees of impaired level of consciousness. 16 Since EEG power spectrum analysis can be used to evaluate the consciousness level, it may be used to reflect the changes in ICP?
In a previous animal experiment (unpublished work), we made a porcine model of cerebral hemorrhage by autologous blood. Intracranial pressure was continuously monitored through ventricular puncture. Meanwhile, EEG was recorded and EEG power spectrum was analyzed. The result showed that the median frequency and delta ratio were closely correlated with ICP. Therefore we speculated that EEG power spectrum analysis could indirectly reflect ICP change. In the present study, we carried out EEG power spectrum analysis on 70 cases with central nervous system (CNS) diseases from September 2008 to May 2009. The pressure index (PI) was calculated through a selfdesigned software system. Afterwards the correlation between PI and ICP obtained by lP was analyzed.
PATIENTS AND METHODS

Patient data
Sixty-two consecutive patients who were admitted to the neurology hospital ward in our hospital from September 2008 to May 2009 were recruited in the study ( Table 1 ). The study was approved by the Ethics Committee of the School of Medicine, Chongqing Medical University. All patients and guardians of those younger than 18 years were asked to sign a written consent.
EEG signals acquisition
Collection of EEG signals was performed in the supine position right before lP. The EEG data was recorded from electrode positions T3, T4, Fp1 and Fp2; A1, A2 (references) according to the 10-20 electrode international system with the A-1000 EEG monitor. The notch filter (30 Hz) was adopted. The silver chloride electrode was used. The skin was cleaned with an abrasive cleaning fluid and low impedance electrode paste was used to reduce the electrode skin impedance to < 5000Ω. The 3-minute original EEG signals (sampling frequency 1000Hz) of each patient were continuously recorded and stored in computer for analysis.
EEG signal analysis and PI calculation
Electroencephalogram signals with smooth baseline and without any interference and artifact could be used for analysis. We used some signal processing methods including digital filtering and wavelet transform to exclude artifact and interference noise. A total of 20 segments of EEG were randomly chosen for analysis. Each segment contained EEG signals for five seconds. Several parameters could be obtained from power spectrum analysis, including total power, median frequency and delta ratio. Median frequency means the power of the frequency accounting for 50 % of the total power. The frequency limits 0-4 Hz are used to define delta power and delta ratio is the ratio of delta power to the sum of alpha power and beta power.
In the original animal experiment we examined which parameters were useful to reflect the decreased cerebral metabolism along with increased ICP. The result showed that compared with other parameters, median frequency and delta ratio were most sensitive in reflecting the changes of ICP. Moreover, we found that 1 / (median frequency×delta ratio) and ICP had the strongest correlation, so we defined it as "PI" and calculated it automatically using a self-designed software system. 
ICP measurement
Intracranial pressure was measured by lP with the patient in lateral decubitus position immediately after EEG signals acquisition. lumbar puncture was performed by a neurologist with the same method used in all patients. Increased ICP was defined as an ICP greater than 200 mmH 2 O.
Statistical analysis
The data were evaluated by Spearman rank correlation analysis using the Statistical Package for the Social Sciences (SPSS) for Windows version 11.5. P < 0.05 was considered statistically significant.
RESULTS
The 62 patients included 34 males and 28 females. Mean age was 37.27±16.53 years. Patients with 16 different diseases were admitted (see Table 1 ). The most common disease among our patients was tuberculous meningitis (n =12, 19.4%). One patient with benign intracranial hypertension and another patient with tuberculous meningitis received long-term followup (Table 2 ). There were negative correlations between PI and ICP in both patients (r = −0.960, −0.997; p < 0.01).
DISCUSSION
In this study, we analyzed the EEG power spectrum in patients with CNS disorders and calculated the PI with selfdesigned software. Meanwhile, ICP was measured by lP. We found that PI was correlated with ICP. In addition, a good correlation between PI and ICP also existed in both groups of patients with diffuse lesions and focal lesions of the CNS.
The function and metabolism of the brain depend on a continuous supply of cerebral blood. In order to maintain normal metabolism and function of the brain tissue, CBF must be kept relatively stable. When ICP increases progressively, cerebrovascular autoregulatory dysfunction may occur. Cerebral blood flow will decrease with the reduction of perfusion pressure, which will result in a series of changes in brain tissues due to hypoxic-ischemic injury, including continuous depolarization of cell membrane, reduced ability to generate cellular excitation, increased intracellular free calcium, apoptosis, and reduced neurotransmitter synthesis. Insufficient adenosine triphosphate and acidosis can exacerbate the damage of brain cells. The arrangement of neurons becomes disordered and the synchronization of excitation is reduced after cerebral injury, so the slow-wave components of the EEG increase. When ICP increases to a similar level of blood pressure, cerebral circulation will cease along with disappearance of EEG activity and brain death. Since ICP change results in EEG change, it is rational that certain EEG-derived parameters may be able to reflect ICP change.
In this study, we recorded EEG and obtained the parameters, including median frequency and delta ratio, by EEG power spectrum analysis and, from this, PI was calculated. The results showed that PI was correlated with ICP(r = -0.849, p < 0.01). In addition, PI and ICP had good correlation in both groups of patients with the diffuse lesions and focal lesions of CNS, which suggested that despite the focal brain lesion itself might have impact on EEG activity, PI still correlated with ICP in patients suffering from a variety of different neurological diseases. Dynamic measurement of the same patient also showed that PI correlated well with ICP, which suggested that PI might be used instead of frequent lPs, at least for patients who require followup, such as patients with benign intracranial hypertension, and postoperative hydrocephalus. Moreover, based on the good correlation between PI and ICP, we speculate that continuous PI monitoring has potential to detect the real-time ICP dynamic, especially disproportionate increase in ICP which indicates decreased intracranial compliance or craniospinal compensatory ability (CCA) [17] [18] [19] . Detecting CCA is helpful to guide medical management of individuals with acute brain injury because intervention during this time window may reduce potential risk for secondary insult [20] [21] [22] . Therefore, the ability to detect CCA by PI monitoring should be confirmed in a future study.
Our study has some limitations. (1) ICP measured by lP may not be consistent with ICP measured by a more direct intracranial probe in some situations, such as arachnoid adhesions or spinal canal stenosis leading to obstruction of cerebrospinal fluid circulation. In other words, ICP obtained by lP might not reflect the true ICP in these cases. (2) A certain kind of curve rather than a linear correlation may exist between the PI and ICP, therefore quantitative mathematical relationship between the PI and ICP remains to be further clarified. (3) The EEG information acquired might be insufficient because only a few electrodes used, which might influence the PI value. It may be useful during future studies to acquire more EEG information by adding additional electrode locations. (4) We conducted onetime EEG acquisition and simultaneous ICP measurement. The stability or repeatability of PI could not be confirmed. ICP monitoring by direct intracranial fiberoptic probe and continuous EEG acquisition may help to solve this problem. (5) Though ICP and PI had good correlation in both groups of patients with diffuse lesions and focal lesions of CNS, some other clinical factors such as sedatives, narcotics, or paralytic agents may affect the electrical activity of brain cells and PI values may not reflect ICP accurately in that case. This may be one of the defects of this method.
In summary, our preliminary study suggested that analysis of some specific parameters from EEG power spectrum might reflect the ICP, and is worthy of further study.
